Introduction
Corn (Zea mays L.) is the third important cereal crop after wheat and rice worldwide. It is used for several purposes such as human nutrition, livestock and poultry feed as well as manufacturing starch and cooking oils, corn is also grown for fodder and silage. Nitrogen is the most important nutritive element for the worldwide production of cereals and it is one of the most important factors that determine crop production (Parry et al., 2005) . In addition, it is the most important plant macronutrient because it is an essential component of plant cell compounds such as chlorophyll and proteins (Srivastava & Singh, 1999) , that are closely associated with leaf color, crop growth status and yield (Fageria et al., 2011) . Therefore, increasing maize yield in the worldwide production was accompanied by increasing use of N fertilization.
Negative impacts of the increased N fertilization N ITrOgeN use efficiency (NUE) is one of the most important physiological traits related to low N tolerance. The present investigation was carried out during 2016 and 2017 seasons at the Agricultural research and experiment Station, Faculty of Agriculture, Cairo University, Giza, Egypt. The objectives were to study the effect of low N level on NUE, yield and grain composition as well as to determine the relationship between physiological traits (N accumulated in grain, Ng; NUE and grain produced per unit of grain N, Gw/Ng) and grain yield/plant (gw). Two single cross hybrids were evaluated under three N levels, namely low N level (216kg N/ha), control (288kg N/ha) and high N level (360kg N/ha). Therefore, the amounts of applied nitrogen in the soil were 3. 75, 5.0 and 6.25g/plant under low N, medium N (control) and high N, respectively. A split-plot design in a randomized complete block arrangement was used with four replications. The percent change relative to control showed that high N level caused a significant increase in grain yield/plant, grain yield/ha, kernels/row, ear length, N% in grain, Ng and grain protein % by 13.8, 14.53, 9.12, 6.99, 8.25, 22.85 on environment could be summarized as misuse and over application of N in the developed countries created growing environmental concerns from increased nitrate leaching that may lead to ground water contamination (Akintoye et al., 1999 and raun & Johnson, 1999) . In addition, Rejesus & Hornbaker (1999) reported that a lot of the applied mineral nitrogen is lost through gaseous emissions, erosion and leaching. In contrast, in many developing countries such as egypt the rates of N fertilizers are considerably low because of the limited access to fertilizers and low purchasing power of small farmers. Moll et al. (1982) defined NUE as grain production per unit of N available in the soil. Furthermore, Grohan (1984) defined NUE as the ability of a genotype to produce superior grain yield under low soil-N conditions in comparison with other genotypes. Several researchers (Moll et al., 1982; Anderson et al., 1984; Pandey et al., 2001; Atta, 2009 and Al-Naggar et al., 2009 , 2015 reported that NUE increased as soil-N decreased. Differences in NUE among corn genotypes have been reported by several researchers (Chevalier & Schrader, 1977; Moll et al., 1982; Van & Smith, 1996; el-Moselhy, 2000; Omoigui et al., 2006; Atta, 2009 and Al-Naggar et al., 2009 , 2015 , indicating that NUE trait could be improved via conventional breeding methods. Al-Naggar et al., (2009) found that NUE had positive correlation coefficients (r) with grain yield, 100 kernel weight, kernels/row, ears/plant, rows/ear and plant height under low and high-N conditions.
In order to increase maize yield under limited access to fertilizers in developing countries such as egypt, it should be screened the available maize genotypes to low-N tolerance. Therefore, the objectives of the present investigation were to study the effect of low N level on NUE, yield and grain composition as well as to determine the relationship between physiological traits (N accumulated in grain, Ng; NUE and grain produced per unit of grain N, gw/Ng) and grain yield/plant (gw).
Materials and Methods
Two field experiments were carried out at the Agricultural research and experiment Station, Fac. Agric., Cairo Uni., Giza, Cairo, egypt (30°02' N and 31°13' e, with 
Plant material
Two commercial hybrids of corn, namely single cross hybrid SC-P3444 and single cross hybrid SC-P3733 (both of them have yellow endosperm) were tested. The two single crosses were purchased from Pioneer International Company (egypt).
Experimental design and treatments
The studied corn hybrids were evaluated under three N levels, namely low N level by applying 216kg N/ha, control by applying 288kg N/ha (as recommended by the Agricultural research Center, ArC) and high N level by applying 360kg N/ha. Therefore, the amount of applied nitrogen in the soil was 3.75g/plant under low N level, 5.0g/ plant under control and 6.25g/plant under high N level. All N-treatments were added in two equal doses before the first and the second irrigations. A split-plot design in a randomized complete block arrangement was used with four replications. The main plots were allotted to the three levels of nitrogen [low-N 3.75, control 5.00 and high-N 6.25g/plant] and the two hybrids were devoted to sub-plots. each sub-plot consisted of 15 ridges of 0.70m in width and 4.0m in length, i.e. the experimental plot area was 42m 2 . Therefore, plant density in each sub-plot was 242 plants, i.e. 57600 plants/ha. each main plot was surrounded with a wide ridge (1.5m) to avoid interference of the three N-treatments.
Cultural practices
The preceding crop was barley (Hordeum vulgare L.) in both seasons. Sowing dates were on June 5 and 9 in 2016 and 2017 seasons, respectively. Seeds were sown in hills at 25cm apart by hand, thereafter (before the 1 st irrigation) plants were thinned to one plant per hill. Calcium super phosphate fertilizer (15.5% P 2 O 5 ) at the rate of 60kg P 2 O 5 /ha was applied uniformly before sowing. The weed management was carried out during the growing season by hoeing twice, before the 1 st and the 2 nd irrigations. The other cultural practices were applied as recommended by the Agricultural research Center (ArC), giza, egypt.
Data collection
At harvest, 25 guarded plants were randomly sampled from each plot to determine grain yield/ plant in gram (gw). grain yield in kg was weighed from the whole area of each experimental unit (sub-plot) and then adjusted into ton/hectare (ton/ ha). The grain yield/plant and per hectare were adjusted on the basis of 15.5% grain moisture content. Kernels/row, ear length, rows/ear, shelling % and 100 kernel weight (g) were determined on 40 random ears from each plot. Shelling % was calculated by dividing grain weight on ear weight and multiplied by 100. Nitrogen percentage (N %) in grain was determined according to A.O.A.C. (2000) . Nitrogen accumulated in grain (Ng) was calculated by multiplying grain yield/plant in gram (Gw) by N% in grain. Nitrogen use efficiency (NUE) was calculated as follows: NUE= Gw/Ns, where Ns is applied N/plant (g). grain produced per unit of grain N was calculated as follows: Grain produced per unit of grain N= Gw/Ng. grain protein percentage and oil percentage were determined according to A.O.A.C. (2000) .
Analyses of N % in grain, grain protein % and grain oil % were done at Faculty of Agriculture research Park, Faculty of Agriculture, Cairo University. Traits of Ng, NUE and Gw/Ng were calculated according to Moll et al. (1982) 
Statistical analysis
Test of normality distribution was carried out according to Shapiro and Wilk method (Shapiro & Wilk, 1965) , by using SPSS v. 17.0 (2008) software package. Also, data were tested for violation of assumptions underlying the combined analysis of variance by separately analyzing of each season and then combined analysis across the two seasons was performed if homogeneity (Bartlet test) was insignificant. Estimates of LSD were calculated to test the significance of differences among means according to Snedecor & Cochran (1994) . Also, the regression analysis was done to determine the relationship between the causal effect and significance of the three independent physiological variables (Ng, NUE and gw/Ng) on grain yield per plant (gw). SPSS software package of v. 17.0 (2008) was used to calculate simple, regression and coefficient of determination (r 2 ) across years.
Results and Discussion

Analysis of variance
The combined analysis of variance for all traits under three N levels across years is presented in Table 3 . Mean squares due to years were highly significant for all studied traits, except ear length and rows/ear, indicating the effect of climatic conditions on most studied traits. Mean squares due to N levels were significant for all traits, except rows/ear and oil percentage, suggesting that the studied N levels had a significant effect on most studied traits. Mean squares due to hybrids were significant for all traits, except ear length and rows/ear. Also, mean squares due to years x N levels interaction were significant or highly significant only for kernels/row and ear length. Significant mean squares were also detected for years x genotypes interaction for grain yield/plant, nitrogen accumulated in grain (Ng) and nitrogen use efficiency (NUE). Furthermore, mean squares due to N levels x genotypes were significant for grain yield/ha, shelling % and oil %. Mean squares due to years x N levels x genotypes were significant only for grain yield/plant, shelling % and Ng.
Several authors (Chevalier & Schrader, 1977; Moll et al., 1982; Van & Smith, 1996; elMoselhy, 2000; Omoigui et al., 2006; Atta, 2009 and Al-Naggar et al., 2009 , 2015 reported that performance of maize genotypes varied with N levels for most studied traits. However, mean squares due to N levels x hybrids interaction were significant only for three traits namely grain yield/ ha, shelling % and oil %.
Effect of N levels
effect of N levels on the studied traits is presented in Fig. 1 . The change percent in traits due to apply different N levels is presented in Table 4 . Under high N level, the highest mean values was observed for grain yield/plant (gw), grain yield/ha, ear length, N% in grain, N accumulated in grain (Ng) and protein %. On the other hand, under low N level the highest mean values was observed for nitrogen use efficiency (NUE) and grain produced per unit of grain N (gw/Ng).
The change percent (Table 4) relative to control showed that high N level caused significant increase in grain yield/plant, grain yield/ha, kernels/ row, ear length, N% in grain, Ng and protein % by 13.8, 14.53, 9.12, 6.99, 8.25, 22 .85 and 7.2%, respectively. On the other hand, low N level caused significant increase in NUE by 27.53% and Gw/ Ng by 3.70%. On the contrary, low N level caused significant reduction, relative to control, in grain yield/plant (4.26%), yield/ha (4.3%), N% in grain (3.61%), Ng (7.53%) and protein % (3.45).
It is worthy to note that high N level caused a significant increase in most studied traits confirming that nitrogen is one of the most important factors determine crop production (Parry et al., 2005) . In addition, it is the most important plant macronutrient because it is an essential component of plant cell compounds such as chlorophyll and proteins (Srivastava & Singh, 1999) , that are closely associated with leaf color, crop growth status and yield (Fageria et al., 2011) .
Therefore, increasing maize yield in the worldwide production was accompanied by increasing use of N fertilization. However, over application of N in the developed countries created growing environmental concerns from increased nitrate leaching that may lead to ground water contamination (Akintoye et al., 1999 and raun & Johnson, 1999) . In addition, a lot of the applied N is lost through gaseous emission, erosion and leaching (Rejesus & Hornbaker, 1999) . In contrast, in many developing countries such as egypt the rates of N fertilizers are considerably low because of the limited access to fertilizers and low purchasing power of small farmers.
It is worth noting that, nitrogen use efficiency (NUE) and grain produced per unit of grain N (Gw/ Ng) significantly increased due to low N level by 27.53 and 3.7 %, respectively. It could be concluded that under low N level maize plants are forced to improve their N uptake and N translocation efficiencies. In this aspect, Moll et al. (1982) , Anderson et al. (1984) 
Corn hybrids responses
Mean performance of the studied hybrids across N levels is presented in Table 5 . The single cross (SC) P3444 had the highest mean values across N levels for grain yield/plant (gw), yield/ha, kernels/ row, N % in grain, Ng, NUE and protein %. On the other hand, the single cross P3433 had the highest mean values for 100 kernel weight, shelling %, Gw/Ng and oil %.
Effect of N levels x hybrids interaction
The studied hybrids of maize showed a significant variation in their absolute means under low and high N levels relative to those under control for three studied traits, namely yield/ha, shelling % and oil % ( Table 6 ). The highest means under low and high N were achieved by SC P3444 for yield/ha and shelling %. On the other hand, SC P3433 had the highest mean values for oil % under low and high N levels. NitrogeN Use efficieNcy aNd graiN ProteiN of corN affected ... In respect N accumulated in grain (Ng), the studied hybrids showed an increase in such trait and consequently increase in protein % under high N level. In contrast, the studied hybrids showed high mean values under low N level for NUE and Gw/Ng, indicating that NUE and Gw/ Ng are the most physiological traits related to low N tolerance. The single cross P3433 improved its performance under low N level by 22.40 and 2.97% and the single cross P3444 improved its performance by 32.88 and 4.34% for NUE and gw/Ng, respectively. Several authors (Chevalier & Schrader, 1977; Moll et al., 1982; Van & Smith, 1996; el-Moselhy, 2000; Omoigui et al., 2006; Atta, 2009 and Al-Naggar et al., 2009 , 2015 reported genotypic differences in NUE among maize genotypes and they were able to determine the most tolerant genotypes to low N for future utilization in plant breeding programs. The studied hybrid P3444 could be considered as low N tolerant and could be used for future utilization in plant breeding programs as tolerant genotypes to low N requirements.
Simple regression analysis
The regression analysis method is used to determine the contribution role of some independent traits to the yield and selection efficiency by means of a few traits as the effective indicators to satisfy breeding aims (Farshadfar, 2004) . Results of the simple regression analysis revealed that the superior traits in their contribution to grain yield per plant (Gw) were NUE where R 2 values were 0.99, 0.98 and 0.96, along with Ng, where r 2 values were 0.95, 0.66 and 0.94 under low N, control and high N, respectively. grain produced per unit of grain N (gw/Ng) was in the second order in the contribution to the grain yield per plant across all nitrogen levels (Table7). Similar results were reported by Abd El-Mohsen & Abd El-Shafi (2014) and Fouad (2018) .
Conclusion
The studied hybrids showed high mean values under low-N level for nitrogen use efficiency (NUE) and grain produced per unit of grain N (Gw/Ng), indicating that NUE and Gw/Ng are the most important physiological traits related to low N tolerance.
